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THE EFFECT OF MASS DISTRIIRTTION ON THE LOW-SPEED DYNAMIC 
LATERAL STABILITY AND CONTROL CHARACTEZUSTICS OF 
A MODEL W I T E  A ' 6 0 '  TRIANGULAR WING 
By Joseph L. Johnson 
A n  investigation t o  determine the effect of mass distribution on 
the dynamic la te ra l   s tab i l i ty  and control  characteristics of a model 
with a 60° triangular w i n @ ;  has been conducted i n  the Langley f r e e f l i g h t  
tunnel. The  moments of iner t ia  in r o l l  an& y a w  were increased t o  corre- 
spond t o  those of a triangular-wing  fighter-type  airplane with wing tanlrs. 
Flight  tests and calculations were made for  five  different loading 
conditions. 
The investigation showed the following effects of  increased r o l l i n g  
and yawing moments of inertia: a decrease in  the osci l la tory s tabi l i ty  
of the model; and a decrease i n  the rolling acceleration, which caused 
a lag i n  the response of  the model t o  control and Fncreased the time 
required f o r  the m & l  t o  reach a given angle of b e .  The general 
flight behavior became worse as  the  inertias were increased and the pre- 
dominant factor  affecting  the  pilot 's  opinion of the general flight 
behavior appeared to be the lateral   controllabil i ty and not the  oscilla- 
tory stabil i ty.  The change i n  the lateral-stability derivatives produced 
by the  particular wing-tank configuration used in the   tes ts  caused an 
improvement in  oscillatory  stabilfty  that  partly  counteracted the detri- 
mental effect of the increased inertia on the  oscillatory  stability. 
The calculations indicated that increasing the a l t i t u d e  frm sea level 
t o  3OjOOO feet  caused the t i m e  required f o r  the  lateral   oscil lation t o  
&m-p t o  one-half amplitude t o  be appro-tely doubled for a l l  conditions. 
In recent years the  trend i n  airplane design has been such as t o  
cause a large increase in roll ing and yawing moments of inertia. This 
increase  in moments of iner t ia  has been brought about by locating engines, 
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fuel tanks, and armament along the wing. Several theoretical and experi- 
mental studies have been made in  the  past  t o  determine the effect of 
increases in moments of iner t ia  on the  lateral   stabil i ty  characterist ics 
of airplanes with unswept wings, asd the  results of these investigationa 
showed that a marked decrease in stability  generally occurs with large 
increases in inertia (references 1, 2, and 3 ) .  As an extension t o  th i s  
work, two  investigations have been conducted in the Langley free-flight 
tunnel t o  determine the effects of  large increases i n  rolling and yawing 
moments of inertia on the  la teral   s tabi l i ty   character is t ics  of configura- 
tions having sweptback and triangular wings. One of these iwqstigations 
(reference 4) was concerned with the  .effect of both independent and 
simultaneous changes in  the  roll ing and yawing inertias on the  lateral  
stabil i ty characterist ics of an aspect r a t i o  4, taper ratio 0.5, 45' swept- 
back wing. The present paper gives the results of an investigation to 
determine the effects of simultaneous changes in rolling and yawing 
inertias on the  lateral   stabil i ty  characterist ics of a model with a 
60° triangular wing. 
- 
This investigation included flight tes t s  to determine the  la teral  
s tab i l i ty  and control  characteristics of the model f o r  a number of loading 
conditione, most of  which simulated the loading of the airplane with wing 
tanks on. Calculations t o  determine the period and the time t o  damp t o  
one-half amplitude of the  lateral   oscil lation were made f o r  the model a t  
each loading  condition a t  sea  level and 30,OOO-foot altitude. The calcu- - 
lated rolling motion resulting from a disturbance in  r o l l  was aleo made 
for the model a t  each loading condition a t  aea level. 
SYMBOLS 
S wing area, square feet 
- 
C mean aerodynamic chord, feet  
v airspeed,  f etper second 
b wing span, feet  
9 dynamic pressure, pounds per square  foot 
P a i r  density,  slugs  per  cubic  foot 
w w e i g h t ,  pounds 
m airplane mass, slugs 
cLb relative  density  factor (m/pSb) 
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angle of sideslip, degrees 
angle of  yaw, degrees 
angle of bank, degrees 
angle of attack of reference axis (fig. I), degrees 
angle of attack of principal  longitudinal axis of airplane, 
positive when principal axis is  above flight path at nose 
(fig. I), degrees 
angle between reference axis and principal ax is ,  positive when 
reference a d s  is  above pr inc ipd  a x i s  a t  nose (fig. 1) , 
degrees 
angle between reference axis and horizontal axis, positive when 
reference a x i s  is above horizontal axis at nose (fig. l), 
degrees ' 
angle of flight t o  horizontal axis, positive in a climb (fig. 11, 
degrees 
moment of iner t ia  about principal longitudinal &e, slug-ft 2 
radius of gyration about principal longitudinal ax is ,  feet 
r ad ius  of  gyration about principal  vertical  &xis,  feet 
nondimensional radius  ,of gyration about principal  longitudinal 
axis (kXJ-9 
nondimensional radius of gyration about princfpal  ve&fcal 
axis (kZ& 
nondimensional radius of gyration about longitudinal-stability 
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KZ 
C 
C 
2P 
C 
YP 
c b  
'2, 
'r 
. 
nondimensional rad ius  of gyration about vertical-stabil i ty axis 
nonfimensional product-of-inertia  parameter 
yawing-moment coefficient (Yawing  moment/qSb) 
rolling-moment coefficient (Rolling moment/qSb) 
lateral-force  coefficient  (Lateral force/qS) 
ra te  of change of lateral-force coefficient with angle of side- 
slip,  per maim (acY/@) 
rate of change of yawing-moment coefffcient with angle of  side- 
slip,  per maan (ac&p) 
slip,  per (aCJap) 
rate of change of ro l l i n  -moment coefficient with angle of side- 
- 
ra te  of change of lateral-force coefficient with rolling-angular- 
velocity factor, per radlan ( & Y E )  
@e) rate of change of rolling-moment coefficient with rolling-angular- velocity factor, per radian 
rate  of change of yadng-moment coefficient with rolling-angular- 
velocity factor, per radian 
rate  of change of lateral-force coefficient Kith yawing-angular- 
velocity factor, per radian 
rate  of change of y a w i n g - m " t  coefficient with yawing-angular- 
velocity factor, per raaan f q  /e) 
2 2 v  
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2 longitudinal  distance rearward from center of gravity t o  center 
of pressure of ver t ica l   t a i l ,  measured paral le l  t o  longitudinal- 
s tab i l i ty  axis, feet  
z vertical  aistance qward from center of gravity t o  center of 
pressure of v e r t i c a l   t a i l  measured perpendicular t o  longitudinal- 
stabil i ty axis,  feet  
P ro l l ing  angular velocity,  radians  per second 
r yawing angular  velocity, radians per aecond 
P period of oscillation, seconds 
T1/2 time for  amplitude of oscillation t o  decrease t o  half amplitude 
%/2 cycles f o r  amplitude of osci l la t ion  to  decrease t o  half amplitude 
A€TARAms 
The exgerimen- pert of the.  Fnvestigation was conducted in the 
Langley free-flight  tunnel which is  designed t o  test  free-flying dynamic 
models. A complete descrfption of the tunnel and i t s  operation is pre- 
sented in reference 5. Force t e s t s  t o  determine the aeroaynamic character- 
i s t i c s  of the model were made on the six-component balance described in 
reference 6. 
The model used .in the  teats had a triangular wing with 60' sweepback 
and an aspect r a t i o  of 2.3. A three-view drawing of the model is pre- 
sented in  figure 2 and mass and aerodynamic characteristics  are shown i n  
table I. 
The moments of iner t ia  of  the model were increased by adding lead 
weights at different locations on the model. For  me loading conditions 
the weights were placed directly on the wing and fuselage, whereas, for 
other conditions, they were located  in WFng tanka or  on a rod extending 
outboard of  the wing along the Y a a s .  
All flight tes t s  and calculations were made for a lift coefficient 
of 0.65 and f o r  a center-of-gravity position of 25 percent M.A.C. Five 
different loading conditions were studied in  this investigation. The 
weight (and, therefore, the relative density factor pb) increased f o r  
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most  conditions  as  the  moments of inertia  were.incre8sed.  The  fi-re loading 
conditions  used  in  the  investigation  were: 
1. No ballast  weights  (basic  model) 
2. Ballast  weights on the  nose  of  fuselage  and on the King tips 
3. Ballast weights on rods  extending  outboard along the Y axis 
4. Ballast  weights  in  external-wing  tanks  suspended below the  wing 
5. Ballast  weight8  on  the wing at  the  chordwise  location  of  the 
wing tanks  (calculations on ly )  
The mass and  aerodynamic  parameters  for  these  conditions  are  given 
in  table I. Each  of  the  conditions  except  condition 1 was investigated 
at an intermediate  loading  and a mau loading.  The  intermediate 
loadings  did  not  have  the sam moments  of  inertia  for  each  condition 
but  the maximum loadings had a moment  of  inertia n roll  of 0.16 s1ug-ft2 
for  all  conditions.  The  moment  of  inertia in yaw was approximately  the 
same for  all  the  heavy  conditions  except  condition  2b. (See table I. ) 
The  values  of  the  inertia  parameters  for  the  different  loading con- 
ditions tested are presented i n  graphical form in figure 3. Condition 1 - 
corresponde.  to  the normal loading of a triangular-wing fiater airplane. 
Condition 2 represents  the  moments  of  inertia of the  airplane  having  heavy 
loading along  the  fuselage  as wel as along the  wing.  This  condition gave 
the largest  value of of any of the conditions  studied. In condition 3 
t he  ballast  weight was shifted  outboard  along  the  wing so that the  weight 
and relative-density  factor  remained  constant  as  the  moments of i ertia 
were  increased. The moments  of  inertia in condition 4 were  increased  by 
the  use  of  external-wing  tanks.  The  uing ta ks caused  the  lateral-stability 
derivatives  for  this  condition t  be  different from those  for  the  other 
conditions.  In  order to determine  the  effect  of  this  difference in eta- 
bility  derivatives,  calculations were made  for  condition 5 which  had the 
same mass characteristics  as  condition 4 but  which  had  stability  deriva- 
tives  for  the m o d e l  with tanks  off. 
I Z O  
Calculations 
Calculations were made  to  determine  tbe  period and time  to dRmp to 
one-half  amplitude of the  lateral  oscillation  and  the  time  to damp
one-half  amplitude  for  the  aperiodic  modes  at  sea  level and 30,OOO-foot 
altitude  by t h e  method presented  in  reference 7. Calculations were also 
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made by the method presented in references 8 and 9 t o  determine the 
rolling motion resulting from a rolling-moment coefficient of  0.01 applied 
for 0.4 second i n  one direction and then reversed for 0.4 second. These 
calculations were  made only f o r  conditions 1, 2b, 3b, kb, and 3. 
The aerodynamic and mass .characteristics used in  the  calculations 
are  presented in table I. Values of C+ C and C2 were obtained 
from force tests made in the Langley free-flight tunnel. The tail-off 
values of C and C were estimated f r o m  reference 10. The cantri- 
bution of t he   t a i l  t o  the  stability  derivatives C and C were 
estimated from the equations given i n  the footnote of table I Wch are 
similar t o  those  given in references 2 and 11. Values of C2 were 
estimated from reference 12 and from unpublished data obtahed f r o m  
rotary tests made in  the Langley 20-foot free-spinning tunnel. The 
increase i n  the value of C produced by the wing tanks was estimated 
from the  increase i n  C measured in  force tests. The value of  C 
for  the model was estimated from reference 12 and fran unpublished data 
obtained f r o m  rotary  tests i n  the Langley 2Gfoot  freespi-  tunnel. 
B’ ne’ B 
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4 ’Lr 
P 
2P 
L, ”p 
Testing Procedure 
The model was .flown a t  a l l  the loading donditions given in   t ab le  I 
w i t h  the exception of condition 5 and the stability, control, and general 
f l ight  behavior were noted by the p i lo t .  Motion-picture recorde were 
also made of the f l i a t s  t o  supplement the visual observations of the 
pilot .  Graduated ratings f o r  the oscillatory stability, lateral control, 
and general flight behavior were given by the p i l o t  f o r  each loading con- 
di t ion  flown. The rating system used i’s shown in table 11. The oscilla- 
tory  stability  characteristics were judged by the  pilot  . f r o m  the damping 
of the lateral  oscil lations after a disturbance. The lateral  control 
characteristics were judged by the  pilot from the response of the model 
In r o l l  t o  application of the lateral controls. The general flfght- 
behavior ratings, which were based on the over-all flydng characteristics 
of the model, indicate the ease with which the model could be flown, both 
for  straight and level flight and for performance of the mild maneuvers 
possible i n  the free-flight tunnel. 
The model was flown both w5th coordinated aileron and rudder control . 
and with ailerons-alone control. Aileron deflectiona of *loo and a 
rudder deflection of *5O were used f o r  conditions. ~n adation, some 
of the  tes ts  of condition 3 were made with aileron  deflections of f l 3 O .  
8 
RESULTS AND DISCUSSION 
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The  results  of  the  investigation  are  summarized  in  table I1 in the 
form  of  pilot's  ratings  for  oscillation  damping,  lateral  control,  and 
general  flight  behavior  of  the  model  far  the  conditions  investigated. 
The  results  of  calculations for correlation  wlth  the  results  of  flight 
tesh are  presented  in  table I1 and in figures 4 to 6. 
The  results  ofsthe  investigation  are  discussed in terms  of  the 
moments of inertia, and Izo, rather  than Fn terms of the  basic 
mass and mass-distribution.parameters, pb,  the  relative-density  factor, 
and Kx and Qo, the  radii  of  gjrration.  This  method of discussion 
was used  because  the  variations i n  pb, Kxo, and K were  not  systematic, 
IXO 
0 
ZO 
whereas  the  resulting  changes  in  moments  of  inertia we e-more systematic 
and  appeared  to be consistent in most  cases  with  the  observed  effects on 
damping,  controllability,  and  general  flight  behavior.  It  should  be 
pointed  out,  however,  that  increases i n  momente of inertia may be  accom- 
plished  by  changes  in  the  radii of gyration,  by  changes  in  the mass, or 
by a combination  of  the  two. In this  investigation,  the  increases  in 
momenta  of  inertia.  were  generally  accompanied  by an increase  in mass and, 
hence,  of  the  relative-density  factor pb. As  can be seen  from  the  effect - 
of  increasing  the  altitude,  increases  in  relative  density  are  detrimental 
to  the  stability.  The  results  given  in  cases  in  which  the  moment of in r ia 
changes  included  wei&t  changes,  therefore  included  relative-density  effects 
as wel as  strictly  inertia  effects.  The  values of pb, Kx0, and K 
for all the  test  .conditions  are  presented i  table I so that  the  results 
can  be  interpreted  in  terms of these  variables  if  desired. 
- 
20 
Oscillatory  Stability 
The fli@t  tests  showed  that the lateral  oscillations  of  the  model 
without  ballast  weights  were well damped  and  that  the  oscillatory  stability 
W&B satisfactory.  When  the  moments of inertia  were  increased,  the  oscil- 
latory  stability  decreased  for  all  conditions  investigated  as sham by
the  damping  ratings  of  table 11. The greatest  decrease  in  damping  occurred 
for  conditions 2 and 3 in  which  the  oscillations  were  lightly w e d  and 
of  relatively  large  amplitude. The smallest  decrease  in  damping  occurred 
for  condition 4 in which  the  oscillations were fairly  well  damped  and o f  
small amplitude.  Although  the  damping  decreased  for  all  the conditions 
investigated,  it  appeared  to  the  pilot  that  the  damping did-not become 
unsatisfactory  for any condition-. 
The results of calculations made to determine the damping charac- I 
teristics are presented in figure 4. These  results  are  in  agreement  with 
2 
. 
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the   f l ight   tes ts  i n  that they show that  the m i n g  decreased as the 
moments of iner t ia  were increased f o r . a l l  the conditions investigated, 
with conditions 2 and 3 showing the greatest decrease in damping and 
condition 4 showing the smallest decrease in damping. Condition 5 showed 
a greater decrease in damping than that  f o r  condition 4 but not as  great 
as  that  f o r  condition 2. 
The damping fo r  condition 2b is only slightly  less  than  that fo r  
condition 3b despite  the  fact  that  condition 2b had a much larger  value 
of Iz . This  result, which indicates that changes i n  Ix affect the 
oscil latory stabil i ty much more than changes In Izo, ie in agreement 
with the results presented in reference 4. 
0 9 
The calculations  indicate  that remavfng the wing tanks and placing 
ballast  weights on the wing a t   t he  wing tanks location  (condition 4 t o  
condition 5 )  greatly reduced the damping. Since these canaftions had 
approximately the same mass parameters, this difference in  damping can 
be attributed  directly t o  the  effect of the wing tanks on the   s tabi l i ty  
derivatives of the model. 
- 
In general, it appeared t o  the p i l o t  that  the dmqing of the model 
in fligbt tests nas somewhat better than that  predicted by the  calcula- 
t ions.  This impression =E probably gained partly as a result of  the 
fact.  that, because of the  limited space in   the tunnel, the model cannot 
be allowed t o  f l y  uncontrolled f o r  long enough periods of time t o  permit 
a very accurate evaluatim of  the w i n g .  Reasonably good agreement was 
obtained, however, between the  pilot 's  opinion and the calculations 
regarafng the trends i n  damping produced by the changes in inertia.  
L 
A comparison of the  calculated -scaled-up damging and period charac- 
t e r i s t i c s  of the model with the U. 6. Air Force and Navy flylng-qualities 
requirements fo r  satisfactory damping of the  lateral  oscillation  (refer- 
ences 13 and 14) LE presented i n  figure 5. The values presented were 
scaled up s o  that  the  configuration  tested corresponded t o  a A- scale 
model of a 31.3-foot-apan airplane. The results of figure 5 show that 
all the sea-level conditions were marginal o r  unsatisfactory except fo r  
the basic condition and the intermediate wing-tank condition k. The 
damping characteristics of the model in  the  f l ight  tests,  however, were 
considered t o  be a t   l e a s t   f a i r  for a l l  candftions although these points 
were found t o  be unsatisfactory on the  basis of the  flying-qualities 
requirements. (See table 11.) The data of figure 5 show that increasing 
the altitude f r o m  sea level t o  30,000 feet  caused the time required-for 
the  lateral   oscil lation t o  aarqP t o  one-half arqlitude t o  be approximately 
doubled for  all conditions. As a result of this decrease in stabil i ty,  
all the conditions with the exception of  condition I w e r e  unsatisfactory 
on the basis of the flying-qualities requirement. 
12 
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Lateral  Control 
The model i n  condition 1 was observed t o  respond rapidly t o  control - 
deflections when flown dth either ailerons alone or ailerons coordinated 
with the rudder. There was some slight evidence of adverse yadng due t o  
aileron deflection, however, when ailerons alone were used for control. 
Increasing the moments of iner t ia  made the lateral  control worse fo r  a l l  
the conditions investigated a8 Indicated by the control ratings of table 11. 
The control characteristics for- conditions 2b, 3b, and 4b were considered 
unsatisfactory with condition 3b showing the greatest  effect of increased 
inertia. Flight tests indicated that the increased inertias for the model 
in  the  high-inertia  conditions reduced the  rolling  acceleration which 
caused a l a g   i n  the response of the model to  control and increased the 
time required  for  the model t o  reach a given angle of bank o r  t o  return 
t o  a wing-level attitude. The model also had a tendency t o  avershoot a f t e r  
a corrective control was'applied and this tendency made steady-wing level  
flights d i f f i cu l t  t o  a t t a in  once the m o d e l  was disturbed. It appeared t o  
the p i lo t  that, fo r  a given amount of control, the model responded more 
slowly t o  control deflections i n  condition 3b than i n  condition 2b despite 
the fact  that these two conditions had the same roll ing moments of iner t ia  
and stability.derivative8. The reason for  this difference is not known 
but it might be associated with the difference i n  the product-of-inertia 
term Kxz which results from the difference in yawing iner t ias  between 
2b and 3b. This point i s  covered f'urther i n  the discussion of the calcu- 
lated motions of figure 6. When the aileron deflection was increased 
from 210' t o  *13O, the control characteristics for condition 3b were com- 
parable t o  those fo r  condition 2b. 
Increasing the moments of iner t ia  made the adverse yadng with 
aileron8 alone control appear t o  be ei ther  greater or  less than that for  
the basic condition depending upon the amplitude of the disturbance. For 
small disturbances the high iner t ia  tended to delay the building up of 
the yawing motion so that the adverse yawing was less than that for  the 
basic condition. For large disturbances, however, there was sufficient 
time for  the yawing motion t o  build up and the high  inertia tended t o  
keep the d e l  i n  a yawed at t i tude and thus made the adverse yawing appear 
worse. Consequently, Tor this condition of large disturbances a t  the high 
inertias, the use of coordinated rudder control with the ailerons produced 
a definite improvement i n  the controllabil i ty of the m o d e l .  
0 
Results of calculations t o  determine the  rolling motion resulting 
from a rolling-moment coefficient of 0.01 applied for 0.4 second in one 
direction and then reversed for 0.4 second are presented in   f igure  6. 
The results are in agreement with flight t e a t s  in  showing that  the model 
rolls much slower uith a given control  deflection  for  the high-inertia 
conditions than for condition 1. For condition 1 when the control i s  
reversed there appears t o  be l i t t l e  i f  any l a g   i n  the reversal of roll ing 
velotity. For all the high-inertia conditions, however, there i s  an 
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appreciable  lag between th .e revers al of control  defl 
11 
.ections and reversal 
of rolling velocity. This lag, which is, of course, directly associated 
with the increase in ro.Uinn inertia, was responsible i n  the flight te s t s  
f o r  the increased time required t o  reach a given angle of bank or  return 
to a wing-level attitude. 
Although the init ial  portion of the  calculated motions i n  general 
are similar f o r  the high-inertia conditions, the subsequent motions are 
greatly different because of differences i n  oscillation w i n g ,  yawing, 
moments of inertia, and stability derivativea. The fact that the response 
t o  the control reversal i s  greater f o r  condition 2b than f o r  condi;tion 3b 
might be related t o  the unexplained fl ight-test   results which indicated 
that  the response t o  aileron control ww greater f o r  condition 2b than f o r  
condition 3b. . As pointed out previously, this   resul t  might be attr ibuted 
t o  the difference in the product-of-inertia term K m  between condi- 
tions 2b and 3b, because changes i n  Kxz produce changes i n  adverse 
yawing. Increasing  the  value of Kxz tends t o  increase the adverse 
yawing;  whereas decreasing Kxz tends t o  decrease the adverse yawing. 
These changes in adverse yawing result from the  fact  that with a positive 
value of K .  a positive rolling acceleration produces a negative 
(adverse) yawing moment. In the present investigation, this effect caused 
the   i n i t i a l  rollFng response of conditian 2b t o  be less  than that of con- 
dition 3b as shown by the calculated results of figure 6 .  On the other 
hand, the response of the model in returning f r o m  a bamked att i tude wa8 
fncreased probably because the adxerse yawing of the model awing the 
roll-off caused the model to have an I n i t i a l  favorable yaw f o r  the  return 
to wfng-level flight. This increased initial response t o  a control 
reversal probably gave the p i l o t  the impression that condition 2b 
more responsive t o  controls than condition 3b. 
The effect  of product of iner t ia  on adverse yawing was also observed 
in the investigation reported ~n reference 4. ~n that investigation, as 
Kz (and hence Km) was increased, greater rudder travel W&B required 
fo r  satisfactory control coordination but, as Kxo was Increased ( K z  
decreased), less rudder travel was required. 
0 
General Flight Behavior 
The general f l i&t  behavior f o r  the m o d e l  without bal las t  weights 
was considered t o  be good dth the  lateral  olscillations  well damped and 
the model responding rapidly t o  cantrol deflectione. As the moments of 
iner t ia  were increased, the general fllght behavior became worse f o r  a l l  
the  ballasted  conditions with the worst flight behavior occurring f o r  
condition 3 and the best for  condition 4. (See table 11.) In general, 
the ratings of table 11 appear t o  indicate that the decrease in the 
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oscil latory  stabil i ty was not the predominant factor influencing the 
p i lo t ' s  opinion of  the general flight behavior. The p i lo t  found that 
the decrease in  roll ing  acceleration accmpanying the  increase  in  inertias, 
which caused a lag in   the model response t o  control and increased the time 
required t o  reach a given angle of bank, was more undesirable than the 
decreased damping. 
As long as smooth flights were maintained, the model f l e w  ateadier a t  
the increased inertias than at the lower moments of inertias. When the 
model was disturbed by a large gust or control deflection, however, the 
high moments of inertia  increased  the  difficulty of returning t o  steady 
flight.. In conditions 2 and 3 a f t e r  a gust or control disturbance a 
l ight ly  damped large-amplitude oscil lation that the   p i lo t   a t  times inad- 
vertently reinforced occurred. The lateral osci l la t ion for  the model in 
condition 4 was w e l l  damped and of small amplitude, and the motion of the 
model following a gust or control disturbance vas less oscillatory so that  
the application of a corrective control could be made with less danger of 
get t ing  in  phase with the motion and, therefore, inadvertently building 
up the oscillation. The calculated results presented in figure 6 appear 
to verify these fl ight-test  results Tor conditions 2, 3, and 4. 
The results of the investigation t o  determine the effect of mass 
distribution on the dynamic lateral s tab i l i ty   a re  summarized in   the  
following paragraphs. Since small changes i n  some of the massand aero- 
aynamic characteristics may cause considerable difPerences in   the   l a te ra l  
s tab i l i ty  of an airplane, the results apply only t o  a 60° triangular-wing 
airplane in the conditions for which the investigation was made. 
1. Increasing the moments of iner t ia  reduced the oscil latory stabil i ty 
of the model and reduced the  rolling  acceleration which caused a l ag   i n  
response of the model t o  control deflection and increased the time required 
t o  reach a given angle of bask. 
2. The general flight behavior became worse as the inertias were 
increased and the predominant factor  affecting  the  pilot 's opinion of the 
general flight behavior appeared t o  be the  lateral   controllabil i ty and 
not  the oscil latory stabil i ty.  
3. The change i n  the lateral-stability derivatives produced by the 
particular wing-tank configuration used in   the  tests caused an improvement 
in   osc i l la tory   s tab i l i ty   tha t   par t ly  counteracted the detrimental effect 
of the increased inertia on the  oscillatory  stability. 
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4. Increasing the altitude from sea level to 30,000 feet caused a 
general reduction in   the  dantping which resul ted  in   the time required f o r  
the  lateral   oscil lation t o  dsmp t o  one-half amplitude being approximately 
doubled for all conditions. 
Langley Aeronautical  Laboratory 
National Advisory Committee for Aeronautics 
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Figure 1.- System of &xes and angular relationship in flight. Arrows  
indicate positive direction of angles. q = 0 - y - E. 
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Figure 2. - Three-view drawing of a 60°. triangular-wing nmdel with wing 
I tanks used in the Langley  free-fligbt-tunnel investigation. AU. 
dimensions are in inches. 
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Figure 3.- Variation of the mdiue of gyration in 
the mments of inertia in r o l l  and yaw f o r  the 
investigated. 
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Figure 4.- Effect of increasing the moments of inertia in roll and yaw on 
the period and damping characteristics of the lateral’oscil lation. Sea- 
level condition. 
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Figure 5.- Comparison of the scaled-up damping and  period  characteristica 
with  the U. S. Air.Force and Navy flying-qualities  specification 
(references 13 and 14) . Sea l eve l  and 3O,OOO-foot altitude. 
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Figure 6 . -  Calculated rolling motion resulting from a rolling-moment coef- 
ficient of 0.01 applied for 0.4 second in one direction and then 
reversed f o r  0.4 second in the opposite direction. Sea-level condition. 
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